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FIG. 5 
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PRODUCING METHOD FOR ZIRCONIA HOLLOW 
PARTICLES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a producing 
method for Zirconia hollow particles in Which a Zirconia 
poWder mutually combines to form a porous shell layer 
thereby constructing a holloW structure, and more particu 
larly to a method for obtaining Zirconia holloW particles 
having a high mutual combining strength of Zirconia poWder 
and shoWing an absolutely spherical shape. 

[0003] 2. Related Art 

[0004] A composite material formed by dispersing a 
ceramic poWder in a matrix such as a metal is Widely 
employed for example for the purpose of a Weight reduction 
and a strength reinforcing. Also for a further Weight reduc 
tion, there are recently utiliZed ceramic holloW particles in 
Which the ceramic poWder mutually combines to form an 
approximately spherical porous shell layer With a holloW 
interior. Also in light-Weight components for an automobile, 
a Weight reduction is intended by dispersing a Zirconia 
poWder, or a Zirconia holloW poWder in a metal. 

[0005] Ceramic holloW particles have commonly been 
produced by covering an entire surface of a resin poWder of 
a large siZe constituting a core material With a poWder layer 
of a ceramic poWder of a grain siZe smaller than that of the 
resin poWder thereby forming a precursor, and eliminating 
the resin poWder from the precursor to cause the ceramic 
poWder to mutually combine thereby forming a porous shell 
layer. For example, there is knoWn a method of producing 
alumina holloW particles by contacting a highly Water 
absorbing polymer poWder in a sWelled state by Water 
absorption and an alumina poWder to form a poWder layer of 
the alumina poWder on an entire surface of the highly 
Water-absorbing polymer poWder thereby forming a precur 
sor, and drying at a high temperature or calcining the 
precursor thereby eliminating the highly Water-absorbing 
polymer and constructing a holloW structure (cf. Unexam 
ined Japanese Patent Publication Hei. 10-258223). 

[0006] HoWever, in the producing method described in the 
publication described above, in the precursor schematically 
shoWn in FIG. 5, an alumina poWder 12 is merely attached 
to the surface of a resin poWder 10 and is easily peeled off 
from the resin poWder 10 at the high-temperature drying or 
at the calcining so that the poWder layer is dif?cult to retain 
uniformly. Besides, as the resin poWder 10 causes a thermal 
expansion or a gasi?cation by the high-temperature drying 
or by the calcining, the alumina poWder 12 receives an 
outWard pressure Whereby the poWder layer tends to be 
disintegrated. 
[0007] A similar situation occurs When the aforemen 
tioned producing method is applied to the preparation of 
Zirconia holloW particles, and a uniform porous shell layer 
is difficult to obtain by the peeling of the Zirconia poWder or 
by the disintegration. For the purpose of further Weight 
reduction, there are also desired ?ne Zirconia holloW par 
ticles for example of a grain siZe of 20 pm or less, and a 
Zirconia poWder of submicron range has to be used for that 
purpose. It is further dif?cult to maintain a uniform poWder 
layer and to form a satisfactory porous shell layer With such 
?ne Zirconia poWder. 
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SUMMARY OF THE INVENTION 

[0008] The present invention has been made in consider 
ation of such situation, and an object thereof is to provide a 
producing method capable of forming a porous shell layer 
having a high mutual combining strength of Zirconia poWder 
and shoWing a spherical shape close to absolutory sphere, 
and also usable for ?ne Zirconia holloW particles of a grain 
siZe of 20 pm or less, Which are anticipated to have an 
increasing demand hereafter. 

[0009] For attaining the aforementioned object, the 
present invention provides a producing method for Zirconia 
holloW particles in Which a Zirconia poWder mutually com 
bines to form a porous shell layer thereby constructing a 
holloW structure, the method being characteriZed in mixing 
under a pressuriZed contact a resin poWder and a Zirconia 
poWder of a grain siZe smaller than that of the resin poWder, 
thereby forming a precursor by covering a surface of the 
resin poWder With the Zirconia poWder in a partially embed 
ded state, and calcining the precursor to expel the resin 
poWder and to mutually sinter the Zirconia poWder. 

[0010] The present invention alloWs to produce ceramic 
holloW particles having a uniform and ?rm porous shell 
layer by strong mutual combining of Zirconia poWder, and 
having a spherical shape close to the absolutory sphere. Also 
the producing method of the present invention is suitable 
also to the production of ?ne Zirconia holloW particles of a 
grain siZe of 20 pm or less, Which are anticipated to have an 
increasing demand hereafter. 

BRIEF DESCRIPTION OF THE DRAWAINGS 

[0011] FIG. 1 is a vieW for explaining a producing method 
for Zirconia holloW particles of the invention and schemati 
cally shoWing a precursor constituted of a resin poWder and 
a Zirconia poWder; 

[0012] FIG. 2 is a schematic vieW shoWing a con?gura 
tion of a producing apparatus adapted for use in the pro 
ducing method for Zirconia holloW particles of the invention; 

[0013] FIG. 3 is an electron photomicrograph shoWing a 
Zirconia holloW particle obtained in an example, in a state 
immediately after a calcining; 

[0014] FIG. 4 is a graph shoWing a cumulative grain siZe 
distribution of the Zirconia holloW particles obtained in the 
example; and 

[0015] FIG. 5 is a vieW for explaining a prior producing 
method for Zirconia holloW particles and schematically 
shoWing a precursor constituted of a resin poWder and an 
alumina poWder. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] In the folloWing, a preferred embodiment of the 
present invention Will be explained in detail. 

[0017] In the producing method of the present invention 
for Zirconia holloW particles, at ?rst a resin poWder and a 
Zirconia poWder are mixed in such a manner that they are 
mutually pressed, namely in a pressuriZed contact. Through 
such pressuriZed mixing, there is obtained, as schematically 
illustrated in FIG. 1, a precursor in Which a surface of the 
resin poWder 10 is covered by the Zirconia poWder 11 in a 
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partially embedded state. Owing to such covering state, the 
Zirconia powder 11 does not peel off at a subsequent 
calcining and the Zirconia poWder mutually combines While 
retaining a satisfactory covering state to form a uniform and 
?rm porous shell layer constituted of the Zirconia poWder 11. 

[0018] The aforementioned pressured mixing can be real 
iZed, for example, by an apparatus schematically illustrated 
in FIG. 2. Such pressuriZed mixing apparatus 1 is essentially 
constituted of a drum-shaped rotatable chamber 2, and an 
inner member 3 and a scraper 4 provided With a predeter 
mined distance at a central axis of the chamber. The inner 
member 3 has a substantially semicircular cross section on 
a face opposed to an inner Wall of the chamber 2 in order to 
facilitate feeding and removal of a poWder mixture 5, and 
forms a small gap to the inner Wall of the chamber 2. As a 
pressuriZed mixing apparatus of such con?guration, there is 
knoWn, for example, a mechanofusion system (AM-15F, 
manufactured by HosokaWa Micron Co.). 

[0019] At the pressuriZed mixing, a poWder mixture 5 of 
a resin poWder 10 and a Zirconia poWder 11 is changed in the 
chamber 2, Which is then rotated at a high speed in a 
direction indicated by an arroW. Along such rotation, the 
poWder mixture 5 is pressed to the internal Wall of the 
chamber 2 by a centrifugal force. When the poWder mixture 
5 passes through a gap betWeen the inner member 3 and the 
inner Wall of the chamber 2, the resin poWder 10 and the 
Zirconia poWder 11 are mutually pressuriZed by a shearing 
force, Whereby a part of the Zirconia poWder 11 is embedded 
into the surface of the resin poWder 10. The poWder mixture 
5 after passing the inner member 3 is scrape off by the 
scraper 4 and is repeatedly subjected to a similar process, 
Whereby, as shoWn in FIG. 1, the Zirconia poWder 11 is 
partially embedded so as to cover the entire surface of the 
resin poWder 10. An embedded amount of the Zirconia 
poWder 11 into the resin poWder 10 is preferably about 
50-80% of the poWder volume in order to achieve a securer 
prevention of peeling at a high-temperature drying or a 
calcining, and a process time and a gap betWeen the inner 
Wall of the chamber 2 and the inner member 3 are suitably 
adjusted. 
[0020] At the pressuriZed mixing, the chamber 2 may be 
heated. A heating softens the resin poWder 10, thereby 
facilitating the embedding of the Zirconia poWder 11. HoW 
ever, as the pressing action by the inner member 3 generates 
a certain heat, the operation may be conducted at a normal 
temperature unless a reduction in the process time is par 
ticularly required. 

[0021] Also a mixing ratio of the resin poWder 10 and the 
Zirconia poWder 11 is not particularly restricted, and the 
resin poWder 10 and the Zirconia poWder 11 may be 
employed, for example, in same amounts in Weight, though 
such amount may be also in?uenced by the respective grain 
sizes. 

[0022] Then the obtained precursor is calcined to gasify 
and expel the resin poWder 10 and to mutually sinter the 
Zirconia poWder 11. In this operation, there may be 
employed a temperature process of charging the precursor 
for example in an electric oven and elevating the tempera 
ture gradually from the room temperature to execute gasi? 
cation and sintering, or a temperature process of treating the 
precursor in an electric oven heated to a temperature at 
Which the resin poWder 10 gasi?es completely and then 
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heating to a temperature at Which the Zirconia poWder 11 
mutually combines. In particular, the latter temperature 
process alloWs to obtain the Zirconia holloW particles closer 
to true spheres, as the resin poWder 11 is instantaneously 
gasi?ed and removed. Also in the latter temperature process, 
the treating temperature for the precursor is advantageously 
700-800° C., though it is dependent on the kind of the resin 
poWder 10. 

[0023] The calcining operation provides the Zirconia hol 
loW particles of the invention, and a uniform and ?rm porous 
shell layer is formed since the Zirconia poWder 11 does not 
peel off from the resin poWder 10 at the calcining operation. 

[0024] The Zirconia poWder to be employed in the inven 
tion is preferably an yttria-stabiliZed Zirconia. Also the resin 
poWder 10 is preferably constituted of a soft resin, in order 
that the Zirconia poWder 11 can be embedded. For example 
a poWder constituted for example of polystyrene, polym 
ethyl methacrylate, polyethylene or polypropylene can be 
employed advantageously. Among these, polymethyl meth 
acrylate (PMMA) is preferred as it decomposes rapidly at a 
loWer temperature, in comparison With polystyrene (PS) or 
polyethylene (PE), and the residual substance is almost 
completely lost at about 350° C. as indicated by a result of 
a differential calorimetry shoWn in FIG. 3. Such polymethyl 
methacrylate poWder alloWs, as Will be shoWn folloWing 
examples, to obtain Zirconia holloW particles closer to true 
spheres. 
[0025] A grain siZe of the resin poWder 10 is suitably 
selected according to a grain siZe of the desired Zirconia 
holloW particles. An object of the invention is to generate 
Zirconia holloW particles of a grain siZe of 20 pm or less, and 
a resin poWder 10 classi?ed to a grain siZe of 20 pm or less 
is employed for such case. 

[0026] Also it is preferable to mix a Zirconia poWder 11 
and a silica poWder of a grain siZe smaller than that of the 
Zirconia poWder 11 and to use such mixture in the pressur 
iZed mixing With the aforementioned resin poWder 10. In 
this manner, at the pressuriZed mixing With the resin poWder 
10, the silica poWder of the smaller grain siZe enters the gap 
in the Zirconia poWder 11 of the larger grain siZe, Whereby 
a denser porous shell layer can be formed. An amount of the 
silica poWder is preferably less than 50 Wt. % in the mixture 
of the Zirconia poWder 11 and the silica poWder, and, in 
consideration of the strength of the generated Zirconia 
holloW particles, Within a range of 3 to 20 Wt. %. 

[0027] In the folloWing, the present invention Will be 
further clari?ed by examples, but the present invention is not 
at all limited to such examples. 

[0028] In a mechanofusion system (AM-15F, manufac 
tured by HosokaWa Micron Co., cf. FIG. 2), 7.5 g of a 
polymethyl methacrylate poWder (MR-10HG, average grain 
siZe 10 pm manufactured by Soken Chemical & Engineering 
Co.), 7.5 g of an yttria-stabiliZed Zirconia poWder (TZ-SY, 
average grain siZe 0.2 pm, manufactured by Tosoh Corp.) 
and 0.375 g of a silica poWder (Silica Fumed, average grain 
siZe 0.011 pm, manufactured by Siguma Co.) Were charged, 
and the chamber Was rotated for 30 minutes at 1,000 rpm to 
obtain a precursor. A gap betWeen the inner member and the 
chamber Was maintained at 1 mm. 

[0029] The obtained precursor Was placed in an electric 
oven heated at 700° C. to instantaneously gasify polymethyl 
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methacrylate, then heated to 1500° C. With a temperature 
elevating rate of about 5° C./min, calcined by maintaining at 
1500° C. for 3 hours, and then cooled to the room tempera 
ture With a cooling rate of 5° C./min. 

[0030] FIG. 3 shoWs an electron photomicrograph of a 
state immediately after taking out from the electric oven. 
There Were obtained substantially spherical Zirconia holloW 
particles, though a partial void Was present. 

[0031] Also the obtained Zirconia holloW particles Were 
subjected to a grain siZe measurement, and a cumulative siZe 
distribution Was determined. Result shoWn in FIG. 4 indi 
cates that Zirconia holloW particles of a uniform grain siZe, 
Without large-siZed particles, could be obtained. 

What is claimed is: 
1. A method for producing Zirconia holloW particles 

comprising the steps of: 

miXing a resin poWder and a Zirconia poWder of a grain 
siZe smaller than a grain siZe of the resin poWder under 
a pressuriZed contact; 

forming a precursor by covering a surface of the resin 
poWder With the Zirconia poWder in a partially embed 
ded state; and 
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calcining the precursor to disappear the resin poWder; and 

mutually sintering the Zirconia poWder. 
2. A method for producing Zirconia holloW particles 

according to claim 1, Wherein the resin poWder is brought 
into a pressuriZed contact With a miXture of a Zirconia 
poWder and a silica poWder of a grain siZe smaller than that 
of the Zirconia poWder. 

3. A method for producing Zirconia holloW particles 
according to claim 2, Wherein the miXture contents the silica 
poWder Which is less than 50 Wt. %. 

4. A method for producing Zirconia holloW particles 
according to claim 1, Wherein the resin poWder includes 
polymethyl methacrylate poWder classi?ed to a grain siZe of 
20 pm or less. 

5. A method for producing Zirconia holloW particles 
according to claim 1, Wherein step subjected Within 700° 
C.-800° C. and step is subjected at a sintering temperature of 
Zirconia. 

6. A method for producing Zirconia holloW particles 
according to claim 1, Wherein the Zirconia is yttria-stabiliZed 
Zirconia poWder. 


